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METHOD PERTAINING TO AIR REMOVAL
FROM A DOSING SYSTEM AT AN SCR
SYSTEM AND A SCR SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application 1s a 35 U.S.C. §§371 national
phase conversion of PCT/SE2011/050801, filed Jun. 20,
2011, which claims priority of Swedish Application No.
1050641-8, filed Jun. 21, 2010, the contents of which are
incorporated by reference herein. The PCT International
Application was published 1n the English language.

TECHNICAL FIELD

The present invention relates to a method pertaining to an
SCR system. The invention relates also to a computer pro-
gramme product containing programme code for a computer
for implementing a method according to the invention. The
invention relates also to an SCR system and a motor vehicle
which 1s equipped with the SCR system.

BACKGROUND

Vehicles today use, for example, urea as reductant in SCR
(selective catalytic reduction) systems which comprise an
SCR catalyst in which said reductant and NOXx gas can react
and be converted to nitrogen gas and water. Various types of
reductants may be used in SCR systems. AdBlue 1s an
example of a commonly used reductant.

One type of SCR system comprises a container which
holds a reductant. The SCR system has also a pump adapted
to drawing said reductant from the container via a suction
hose and to supplying 1t via a pressure hose to a dosing unit
situated adjacent to an exhaust system of the vehicle, e.g.
adjacent to an exhaust pipe of the exhaust system. The dosing
unit 1s adapted to 1njecting a necessary amount of reductant
into the exhaust pipe upstream of the SCR catalyst according
to operating routines which are stored 1n a control unit of the
vehicle. To make 1t easier to regulate the pressure when there
are small or no dosing amounts, the system comprises also a
return hose which runs back to the container from a pressure
side of the system. This configuration makes 1t possible to
cool the dosing unit by means of the reductant which, during
cooling, flows from the container via the pump and the dosing
unit and back to the container. The dosing unit 1s thus pro-
vided with active cooling. The return flow from the dosing
unit to the container may be substantially constant and 1s
currently not controlled or regulated by means of appropriate
valves or such units.

In certamn conditions, air may enter the SCR system
upstream of the pump. This may for example occur during,
start-up of the SCR system after its 1mitial fitting, 1n which
case there will be air 1n the suction hose.

Air may also enter the suction hose when the SCR system
has used up all the available reductant in the container, in
which case the container will be empty of reductant, the pump
runs dry and air 1s drawn 1nto 1t via the suction hose.

Another example 1s that air may enter the suction hose 1n
situations where there 1s a limited amount of reductant left in
the container 1n the SCR system and said SCR system moves
in such a way that splashing occurs in the container, 1n which
case air may be drawn 1nto the pump via the suction hose.

A further example 1s that the suction hose may be incor-
rectly fitted to the pump such that air leakage occurs on the
upstream side of the pump. Here again air may be drawn 1nto
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2

the pump via the suction hose or at a faulty or damaged seal
between the suction hose and the pump.

An example 1s that the suction hose may 1tself be frayed or
defective 1n such a way as to allow air to be drawn into the
pump via the hose.

Any air entering the pump on an inlet side of it will
adversely affect the reductant flow in the SCR system,
thereby reducing a cooling power of the dosing unit, with
potential risk of overheating of temperature-sensitive compo-
nents of the dosing unit.

Emissions of the SCR system may also be adversely
alfected by presence of air at the pump 1n that the reductant
supply to the dosing unit will be limated.

Any presence of air at the pump in the SCR system
adversely aflects a working pressure of the dosing unit. Build-
ing up a normal working pressure of the SCR system also
currently takes quite a long time when there 1s air in the pump.

DE 102008030736 Al refers to detection of air down-
stream of a pump for supplying a dosing unit with reducing
agent in an SCR system and for clearing gas bubbles etc. from
a line between the pump and the dosing unit by means of
reducing agent via a valve and a return line for leading reduc-
ing agent back to a reducing agent tank.

There 1s thus a need to improve current SCR systems 1n
order to reduce or eliminate the above disadvantages.

SUMMARY OF THE INVENTION

An object of the present invention 1s to propose anovel and
advantageous method for improving the performance of an
SCR system.

Another object of the invention 1s to propose a novel and
advantageous SCR system and a novel and advantageous
computer programme for improving the performance of an
SCR system.

An object of the present invention 1s to propose a novel and
advantageous method for reducing the amount of undesirable
emissions 1n an SCR system when there 1s air in said SCR
system.

A Turther object of the invention 1s to propose an alternative
method pertaining to an SCR system and an alternative com-
puter programme pertaining to an SCR system, and an alter-
native SCR system.

Another object of the invention 1s to propose a method
pertaining to an SCR system whereby a working pressure of
the reducing agent can be built up more quickly than in the
state of the art when there 1s air 1n a feed device.

These objects are achieved with a method pertaining to an
SCR system whereby reducing agent 1n liquid form 1s sup-
plied to a feed device via which reducing agent 1s supplied to
at least one consumption point from a container, according to
the disclosure herein.

An aspect of the invention proposes a method pertaining to
an SCR system whereby reducing agent 1s supplied to a teed
device via which reducing agent 1s supplied to at least one
consumption point from a container, comprising the step of
continuously detecting the feed pressure furnished by the
feed device, and of controlling the operation of the feed
device on the basis of changes in said feed pressure, with the
object of reducing the impact of unwanted air supply at the
teed device. This makes 1t possible for a working pressure of
the reducing agent to be built up more quickly than 1n the state
of the art 1n the presence of air supplied upstream to a feed
device.

The method may further comprise the step of altering the
operation of the feed device 1n correlation with the changes 1n
said feed pressure. This makes 1t possible for a working
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pressure of the reducing agent to be built up more quickly
than 1n the state of the art in the presence of air supplied
upstream to a feed device. In cases where the feed pressure
drops because air 1s for various reasons supplied upstream of
the feed device, a speed of the pump may also thereupon be
lowered. In cases where the feed pressure increases after
having been temporarily reduced because air has for various
reasons been supplied upstream of the feed device, a speed of
the pump may thereupon also be increased. This makes 1t
possible for the operation of the feed device to be altered 1n a
correlated way 1n response to the changes in said feed pres-
sure according to the ivention.

Control of the operation of said feed device may be by
means of a pump speed of the feed device. The result 1s an
elfective way of controlling the feed device according to an
aspect of the invention. Pump speed might also be called
pump rate or pump irequency.

Control of the operation of said feed device may be with
respect to a predetermined level of the feed pressure which the
teed device 1s intended to furnish. This predetermined level
denotes a predetermined working pressure at which the SCR
system 1s mntended to operate. Said predetermined level of the
working pressure which the feed device 1s intended to furnish
may be any desired suitable level. The result 1s a flexible
solution which 1s easy to adapt to different types of SCR

systems. The result 1s a versatile solution to the above prob-
lems.

Control of the operation of said feed device may be based
on the time denvative of said detected feed pressure. Con-
tinuously taking into the account the time derivative of the
teed pressure and controlling the operation of the feed device
on the basis thereof results 1n an effective method according
to the invention. This solution does not mvolve much calcu-
lation capacity, since a time derivative of the feed pressure can
quickly and easily be determined by appropriate calculation
means. The result 1s a method which can quickly adapt the
control ofthe feed device in response to sudden changes 1n the
teed pressure caused by presence of air at the feed device.

The method may further comprise the steps of:

determining presence of air supplied upstream to the feed
device, and

when such presence 1s found, controlling the operation of
the feed device on the basis of changes 1 said feed
pressure.

Thus optimising the SCR system’s start-up time in the
presence of air supplied to the feed device means that NOx
emissions can be reduced 1n certain applications where the
SCR system 1s used to supply a reducing agent to an SCR
system. Start-up time means a time from when air 1s found at
the feed device to when a desired working pressure of the
liquid supply system 1s reached. According to an aspect of the
invention, the start-up time may with advantage be shorter
than, for example, three minutes.

The method may further comprise the step of:

determining said presence on the basis of detected operat-
ing power of a power source which 1s adapted to pow-
ering said feed device and/or on the basis of a deter-
mined time during which deviant operation of the feed
device takes place.

Detecting feed device behaviour characterised by presence
of air at the feed device makes 1t possible for the feed device
to be controlled according to the invention 1n order thereby to
improve or optimise the SCR system’s start-up time.
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The feed device may be a diaphragm pump. The feed
device may be any suitable pump, e.g. a gear pump.

Said at least one consumption point may be a dosing unit.

To minimise the impact of air or air bubbles upon the SCR
system, the mnovative method may be applied to continu-
ously adapt an operating power of the feed device to a pre-
vailing situation, particularly taking into account the time
derivative of the feed pressure of the feed device. A positive
cifect of the innovative method 1s that a better mean efficiency
of the feed device 1n the presence of air at 1t can be achieved.

The method 1s easy to mmplement 1 existing motor
vehicles. Software pertaining to an SCR system whereby
reducing agent 1s supplied to a feed device via which reducing
agent 1s supplied to at least one consumption point from a
container according to the invention may be installed 1n a
control unit of the vehicle during the manufacture of the
vehicle. A purchaser of the vehicle may thus have the possi-
bility of selecting the function of the method as an option.
Alternatively, software which comprises programme code for
applying the innovative method pertaining to an SCR system
whereby reducing agent is supplied to a feed device via which
reducing agent 1s supplied to at least one consumption point
from a container may be installed in a control unit of the
vehicle on the occasion of upgrading at a service station, in
which case the software may be loaded 1nto a memory 1n the
control unit. Implementing the innovative method 1s therefore
cost-elffective, particularly as no further sensors or compo-
nents need be installed in the vehicle. Relevant hardware 1s
currently already provided in the vehicle. The invention
therefore represents a cost-elfective solution to the problems
indicated above.

Software comprising programme code pertaining to an
SCR system whereby reducing agent 1n liquid form 1s sup-
plied to a feed device via which reducing agent 1s supplied to
at least one consumption point from a container 1s easy to
update or replace. Moreover, different parts of the software
comprising programme code pertaining to an SCR system
whereby reducing agent 1n liquid form 1s supplied to a feed
device via which reducing agent 1s supplied to at least one
consumption point from a container may be replaced inde-
pendently of one another. This modular configuration 1s
advantageous from a maintenance perspective.

An aspect of the mvention proposes an SCR system
adapted to supplying reducing agent in liquid form to a feed
device which 1s 1tself adapted to supplying reducing agent to
at least one consumption point from a container, comprising:

means for continuously detecting the feed pressure fur-

nished by the feed device, and

means for controlling the operation of the feed device on

the basis of changes 1n said feed pressure, with the object
of reducing the impact of unwanted air supply at the feed
device.

The SCR system may further comprise means for altering
the operation of the feed device in correlation with the
changes 1n said feed pressure.

In the SCR system, control of the operation of said feed
device may be by means of a pump speed of the feed device.

In the SCR system, control of the operation of said feed
device may be with respect to a predetermined level of the
teed pressure which the feed device 1s intended to furnish.

In the SCR system, control of the operation of said feed
device may be based on the time derivative of said detected
feed pressure.

The SCR system may further comprise:

means for determining presence of air supplied upstream to

the feed device, and
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means for, when such presence 1s found, controlling the
operation of the feed device on the basis of changes 1n

said feed pressure.

The SCR system may further comprise:

means for determining said presence on the basis of
detected operating power ol a power source which 1s
adapted to powering said feed device, and/or on the basis
of a determined time during which deviant operation of
the feed device takes place.

The feed device may be a diaphragm pump. Said at least
one consumption point may be a dosing unit.

The above objects are also achieved with a motor vehicle
which comprises the SCR system. The vehicle may be a truck,
bus or passenger car.

An aspect of the mvention proposes a computer pro-
gramme pertaining to an SCR system whereby reducing
agent 1n liquid form 1s supplied to a feed device via which
reducing agent 1s supplied to at least one consumption point
from a container, which programme contains programme
code stored on a computer-readable medium for causing an
clectronic control unit or another computer connected to the
clectronic control unit to perform steps according to the dis-
closure herein.

An aspect of the mvention proposes a computer pro-
gramme pertaining to an SCR system whereby reducing
agent 1n liquid form 1s supplied to a feed device via which
reducing agent 1s supplied to at least one consumption point
from a container, which programme contains programime
code for causing an electronic control unit or another com-
puter connected to the electronic control unit to perform steps
according to the disclosure herein.

An aspect of the mvention proposes a computer pro-
gramme product containing a programme code stored on a
computer-readable medium for performing method steps
according to the disclosure herein when said programme 1s
run on an e¢lectronic control unit or another computer con-
nected to the electronic control unit.

Further objects, advantages and novel features of the
present invention will become apparent to one skilled in the
art from the following details, and also by putting the mnven-
tion 1nto practice. Whereas the invention 1s described below,
it should be noted that it 1s not restricted to the specific details
described. Specialists having access to the teachings herein
will recognise further applications, modifications and incor-
porations within other fields, which are within the scope of
the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

For fuller understanding of the present invention and fur-
ther objects and advantages of 1t, the detailed description set
out below should be read together with the accompanying
drawings, in which the same reference notations denote simi-
lar 1tems 1n the various diagrams, and 1n which:

FIG. 1 illustrates schematically a vehicle according to an
embodiment of the invention;

FIG. 2 1llustrates schematically a subsystem for the vehicle
depicted in FIG. 1, according to an embodiment of the mnven-
tion;

FI1G. 3a 15 a schematic flowchart of a method according to
an embodiment of the invention;

FI1G. 3b1s amore detailed schematic flowchart of a method
according to an embodiment of the invention;

FI1G. 4a 1s a schematic diagram of feed pressure as a func-
tion of time:

FI1G. 4b 15 a schematic diagram of pump speed as a function
of time; and
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6

FIG. 5 illustrates schematically a computer according to an
embodiment of the mnvention.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a side view of a vehicle 100. The exemplified
vehicle 100 comprises a tractor unit 110 with a trailer 112.
The vehicle may be a heavy vehicle, e.g. a truck or a bus. The
vehicle may alternatively be a passenger car.

It should be noted that the invention 1s applicable to any
SCR system and 1s therefore not restricted to SCR systems of
motor vehicles. The innovative method and the innovative
SCR system according to an aspect of the invention are well
suited to other platforms which have an SCR system than
motor vehicles, e.g. watercraft. The watercrait may be of any
kind, e.g. motorboats, steamers, ferries or ships.

The mmnovative method and the innovative SCR system
according to an aspect of the invention are also well suited to,
for example, systems which comprise industrial engines and/
or engine-powered industrial robots.

The mmnovative method and the innovative SCR system
according to an aspect of the invention are also well suited to
various kinds of power plants, e.g. an electric power plant
comprising a diesel generator.

The mnnovative method and the innovative SCR system are
well suited to any engine system which comprises an engine
and an SCR system, e.g. on a locomotive or some other
platiorm.

The mnovative method and the innovative SCR system are
well suited to any system which comprises a NO_ generator
and an SCR system.

The feed device may be any feed device and need not be a
diaphragm pump as herein described.

The term “link™ refers herein to a communication link
which may be a physical connection such as an opto-elec-
tronic communication line, or a non-physical connection
such as a wireless connection, e.g. a radio link or microwave
link.

The term “line” refers herein to a passage for holding and
conveying a fluid, e.g. a reducing agent 1n liquid form. The
line may be a pipe of any suitable size. The line may be made
of any suitable matenial, e.g. plastic, rubber or metal.

The term “reductant” or “reducing agent™ refers herein to
an agent used for reacting with certain emissions 1n an SCR
system. These emissions may for example be NOx gas. The
terms “reductant” and “reducing agent” are herein used syn-
onymously. Said reductant according to a version 1s so-called
AdBlue. Other kinds of reductants may of course be used.
AdBlue 1s hereimn cited as an example of a reductant, but
specialists will appreciate that the innovative method and the
innovative device are feasible with other types of reductants,
subject to necessary adaptations, e.g. adaptations to adequate
freezing points for chosen reductants, 1n control algorithms
for executing software code 1n accordance with the innovative
method.

FIG. 2 depicts a subsystem 299 of the vehicle 100. The
subsystem 299 1s situated in the tractor unit 110. The sub-
system 299 may be part of an SCR system. The subsystem
299 comprises 1n this example a container 205 arranged to
hold a reductant. The container 205 1s adapted to containing a
suitable amount of reductant and to being replenishable as
necessary. The container might accommodate, for example,
75 or 50 liters of reductant.

A first line 271 1s adapted to leading the reductant to a
pump 230 from the container 205. The pump 230 may be any
suitable pump. The pump 230 may be a diaphragm pump
provided with at least one filter. The pump 230 1s adapted to
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being driven by an electric motor (not depicted). The pump
230 1s adapted to drawing the reductant from the container
205 via the first line 271 and supplying 1t via a second line 272
to a dosing unit 250. The dosing unit 250 comprises an elec-
trically controlled dosing valve by means of which a flow of
reductant added to the exhaust system can be controlled. The
pump 230 1s adapted to pressurising the reductant in the
second line 272. The dosing unit 250 1s provided with a
throttle unit against which said pressure of the reductant 1s
built up in the subsystem 299. This pressure 1s herein referred
to as the working pressure of the SCR system.

The dosing unit 250 1s adapted to supplying said reductant
to an exhaust system (not depicted) of the vehicle 100. More
specifically, the dosing umt 250 1s adapted to supplying a
suitable amount of reductant in a controlled way to an exhaust
system of the vehicle 100. According to this version, an SCR
catalyst (not depicted) 1s situated downstream of a location 1n
the exhaust system where the reductant supply 1s effected.
The amount of reductant supplied in the exhaust system 1s
intended to be used 1n a conventional way in the SCR catalyst
tor reducing the amount of undesirable emissions 1n a known
way.

The dosing unit 250 1s situated adjacent to, for example, an
exhaust pipe which 1s provided to lead exhaust gases from a
combustion engine (not depicted) of the vehicle 100 to the
SCR catalyst. The dosing unit 250 1s 1n thermal contact with
the exhaust system of the vehicle 100. This means that ther-
mal energy stored 1n, for example, an exhaust pipe, silencer
and SCR catalyst can thus be led to the dosing unat.

The dosing unit 250 comprises an electronic control card
adapted to handling communication with a control unit 200.
The dosing umit 250 comprises also plastic and/or rubber
components which might melt or be otherwise adversely
alfected by too high temperatures.

The dosing unit 250 1s sensitive to temperatures above a
certain value, e.g. 120 degrees Celsius. As, for example, the
exhaust pipe, the silencer and the SCR catalyst of the vehicle
100 exceed this temperature value, there 1s risk that the dosing
unit might overheat during or after operation of the vehicle 1f
not provided with cooling.

A third line 273 runs between the dosing unit 250 and the
container 2035. The third line 273 1s adapted to leading back to
the container 205 a certain amount of the reductant fed to the
dosing valve 250. This configuration achieves with advantage
cooling of the dosing unit 250. The dosing unit 250 1s thus
cooled by a flow of the reductant as 1t 1s pumped through the
dosing unit 2350 from the pump 230 to the container 205.

A first radiator liquid line 281 1s adapted to holding and
conveying coolant for an engine of the vehicle 100. The first
radiator liquid line 281 1s partly situated in the container 205
in order to warm the reductant present therein 11 the reductant
1s cold. In this example, the first radiator liquid line 281 1s
adapted to leading radiator liquid which has been warmed by
the vehicle’s engine 1n a closed circuit through the container
205, via the pump 230 and a second radiator liquid line 282
back to the engine of the vehicle 100. According to a version,
the first radiator liquid line 281 1s configured with a substan-
tially U-shaped portion situated in the container 205, as sche-
matically depicted in FIG. 2. This configuration achieves
improved warming of the reductant in the container 205 when
the reductant 1s at too low a temperature to function 1n a
desirable way. It should be noted that the first radiator liquid
line 281 may be of any suitable configuration. If the reductant
1s at a temperature which exceeds a predetermined value,
warming of the reductant by the radiator liquid 1s deactivated
automatically.
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A first control unit 200 1s arranged for communication with
a pressure sensor 220 via a link 293. The pressure sensor 220
1s adapted to detecting a prevailing pressure of the reductant
where the sensor 1s fitted. According to this version, the
pressure sensor 220 1s situated adjacent to the second line 272
in order to measure a working pressure of the reductant down-
stream of the pump 230. The pressure sensor 220 1s adapted to
continuously sending signals to the first control unit 200
which contain information about a prevailing pressure of the
reductant.

The first control unit 200 1s arranged for communication
with the pump 230 via a link 292. The first control unit 200 1s
adapted to controlling operation of the pump 230 1n order for
example to regulate the reductant flows within the subsystem
299, The first control unit 200 1s adapted to controlling an
operating power of the pump 230 by regulating 1ts associated
clectric motor. The first control unit 200 1s adapted to con-
trolling a speed of the pump 230. In particular, the first control
unit 200 1s adapted to controlling a speed of the pump 230 on
the basis of changes 1n/time derivatives of the pump’s feed
pressure. This 1s advantageous according to the mvention in
situations where air 1s supplied to the SCR system upstream
of the pump 230.

The first control unit 200 1s adapted to determining a pre-
vailing operating power of the pump’s electric motor, which
operating power may be altered in response to presence of air
at the pump 230. I a1r enters the first line 271, a supply current
to the pump 1s altered on the basis thereof. The first control
umt 200 1s adapted to monitoring the pump 230 1n order to be
able to detect behaviour which 1s due to presence of air at the
pump 230. In a similar way, the first control unit 200 1s
adapted to momitoring a feed pressure of the reductant down-
stream of the pump 230 1n order to be able to detect behaviour
which 1s due to presence of air at the feed device.

The first control unit 200 1s arranged for communication
with the dosing unit 250 via a link 291. The first control unit
200 1s adapted to controlling operation of the dosing unit 250
in order for example to regulate the reductant supply to the
exhaust system of the vehicle 100. The first control unit 200 1s
adapted to controlling operation of the dosing unit 250 1n
order for example to regulate the reductant return supply to
the container 205.

The first control unit 200 1s adapted, according to a version,
to using the signals received which contain a prevailing pres-
sure of the reductant 1n the region of the pressure sensor 220
as a basis for controlling the pump 230 1n accordance with an
aspect of the mnnovative method. In particular, according to a
version, the first control unit 200 1s adapted to continuously
calculating time dertvatives of the prevailing pressure of the
reductant on the basis of the signals recerved which contain a
prevailing pressure of the reductant 1n the region of the pres-
sure sensor 220, and to controlling a speed of the pump 230 on
the basis of said time derivatives.

The first control unit 200 1s adapted, according to a version,
to using the signals received from the pump 230 which con-
tain information about a prevailing actual operating power of
the pump 230 as a basis for continuously or intermittently
determining corresponding time derivatives, and controlling
said pump 230 1n accordance with an aspect of the innovative
method. In particular, the first control unit 200 1s adapted,
according to a version, to using the signals received which
contain a prevailing actual operating power of the pump 230
as a basis for controlling the latter’s operation when there 1s
found to be air at the mlet of the pump 230 or 1n the pump 230,
in accordance with an aspect of the mnovative method.

A second control unit 210 1s arranged for communication
with the first control unit 200 via a link 290. The second



US 9,200,557 B2

9

control unit 210 may be detachably connected to the first
control unit 200. The second control unit 210 may be a control
unit external to the vehicle 100. The second control unit 210
may be adapted to performing the innovative method steps
according to the invention. The second control unit 210 may
be used to cross-load software to the first control unit 200,
particularly software for applying the mnnovative method. The
second control unit 210 may alternatively be arranged for
communication with the first control unit 200 via an internal
network 1n the vehicle. The second control unit 210 may be
adapted to performing substantially similar functions to those
of the first control unit 200, e.g. using the signals recerved
which contain a prevailing pressure of the reductant in the
region of the pressure sensor 220 as a basis for determining,
corresponding time derivatives thereof, and controlling
operation of the pump 230 on the basis of said time deriva-
tives. The mnovative method may be applied by the first
control unit 200 or the second control unit 210, or by both the
first control unit 200 and the second control unit 210.

FI1G. 3a 1s a schematic flowchart of a method pertaining to
an SCR system whereby reducing agent 1s supplied to a feed
device via which reducing agent i1s supplied to at least one
consumption point from a container, according to an embodi-
ment of the invention. The method comprises a first step s301.
Method step s301 comprises the steps of continuously detect-
ing the feed pressure furnished by the feed device, and of
controlling the operation of the feed device on the basis of
changes 1n said feed pressure, with the object of reducing the
impact of unwanted air supply at the feed device. The method
ends after step s301.

FI1G. 35 1s a schematic flowchart of a method pertaining to
an SCR system whereby reducing agent in hiquid form 1s
supplied to a feed device via which reducing agent 1s supplied

to at least one consumption point from a container, according,
to an embodiment of the invention.

The method comprises a first step 310. Method step s310
comprises the step of mitiating operation of the pump 230.
Step s310 1s followed by a step s320.

Method step s320 comprises the step of determining a
number of values for at least one operating parameter. This
operating parameter may for example be a prevailing feed
pressure P of the SCR system’s reductant downstream of the
pump 230. Another operating parameter might be an actually
prevailing operating power of the pump 230. Step s320 1s
followed by a step s330.

Method step s330 comprises the step of using the values for
the at least one parameter as a basis for deciding whether a
first state 1s fulfilled. The first state may be a state character-
1sed by presence of air at the pump 230. The {irst state may be
a state which comprises presence of air supplied to the pump
230. According to an example it may be decided that the first
state 1s fulfilled 11 a prevailing feed pressure of the SCR
system’s reductant begins to drop from a prevailing level.
According to another example 1t may be decided that the first
state 1s fulfilled 1t an actually prevailing operating power of
the pump 230 1s altered from a value which represents an
operating power of 1t during ordinary operation to a value
which 1s below a predetermined value. If the first state 1s
tulfilled, a subsequent step s340 1s performed.

Alternatively, the first state may be determined 11 a change
of sign of the first-order time derivative of the feed pressure
may be found, indicating that the feed pressure 1s dropping.
According to an example the first state may be determined 11
the second-order time derivative of the feed pressure 1s equal
to zero (0), indicating that the feed pressure 1s neither increas-
ing nor decreasing. According to an example the {first state
may be determined if a change of sign from positive to nega-
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tive of the second-order time derivative 1s found, indicating
that the previously increasing feed pressure 1s beginning to
drop.

If the first state 1s not fulfilled, step s310 1s performed
again.

According to a version, method steps $310-s330 are
optional, which means for example that the nnovative
method may begin at the step s340 described below.

Method step s340 comprises the step of determining a
value for the feed pressure P of the reducing agent down-
stream of the pump 230. This may be done by means of the
pressure sensor 220. The pressure sensor 220 1s adapted to
sending to the first control unit 200 a signal which contains
information about a prevailing feed pressure P of the reducing
agent downstream of the pump 230. Step s340 1s followed by
a step s3350.

Method step s350 comprises the step of determining a
value for the first-order time derivative P! of the feed pressure
P determined at step s340.

Determination of the first-order time derivative P' may be
by means of the first control unit 200. Step s350 1s followed by
a step s360.

Method step s360 comprises the step of controlling the
operation of the feed device on the basis of changes 1n said
teed pressure P, with the object of reducing the impact of
unwanted air supply at the pump 230. This entails a speed of
the pump 230 being adapted on the basis of the value of said
first-order time derivative P' of the feed pressure P, according
to an aspect of the imnvention. Step s360 1s followed by a step
s370.

Method step s370 comprises the step of determining
whether the method should end or not. If 1t 1s found that 1t
should, the method ends. If it 1s found that the method should
not end, step s340 1s performed again, making 1t possible to
continuously control a speed of the pump 230 on the basis of
changes 1n the feed pressure P of the reducing agent down-
stream of the pump 230 of the SCR system.

According to the invention, the adaptive method described
makes 1t possible to relatively quickly restore a desirable
working pressure of the SCR system by controlling the speed
of the pump 230 on the basis of changes in the feed pressure
as above, particularly when there 1s air at the pump 230.

FIG. 4a 1s a schematic diagram of feed pressure P of the
reducing agent downstream of the pump 230 as a function of
time T. The SCR system 1s adapted to being operated at a
predetermined feed pressure Pshould (the SCR system’s
desired working pressure). When the pump 230 starts run-
ning, the feed pressure downstream of it increases until a time
T1 at which unwanted air enters the pump 230. Thereupon the
pressure drops until a second time 12 at which the pump 1s
once again able to begin to build up the feed pressure. At a
third time T3, air enters the pump 230 again, whereupon the
teed pressure drops until a fourth time T4 at which the pump
1s again able to begin building up the feed pressure to a desired
working pressure Pshould.

FIG. 46 1s a schematic diagram of the speed PV of the pump
230 as a function of time T. It should be noted that the first
control umt 200 1s adapted to continuously determining the
first-order time dernivative P' of the continuously detected
values of the feed pressure P. The first control unit 200 1s also
adapted to determining the second-order time derivative P" of
the continuously detected values of the feed pressure P. At
time T1 1t may be found that air has entered the pump 230.
There are various ways in which this might happen. Accord-
ing to an example a change of sign of the first-order time
derivative may be found, indicating that the feed pressure 1s
dropping. According to an example it may be found that the
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second-order time derivative 1s equal to zero (0), indicating
that the feed pressure 1s neither increasing nor decreasing.
According to an example a change of sign from positive to
negative of the second-order time derivative may be found,
indicating that the previously increasing feed pressure is
beginning to drop.

On the basis of the magnitude of the feed pressure P, the
first control unit 200 can control the speed PV of the first-
order time derivative of the pump 230. According to a pre-
terred example, the first control unit 200 may control the
speed PV of the pump 230 on the basis of a magnitude of the
first-order time derivative P' of the feed pressure P 1n a cor-
related way, which means that if the feed pressure P drops at
a certain rate a pump speed may be lowered correspondingly.
Similarly, the first control unit 200 may control the speed PV
of the pump 230 on the basis of a magnitude of the first-order
time derivative P' of the feed pressure P 1n a correlated way
when the feed pressure 1s increasing, which means that 11 the
teed pressure P increases at a certain rate a pump speed may
be increased correspondingly.

The diagram shows the pump speed PV being controlled on
the basis of changes 1n the feed pressure P until a desirable
working pressure Pshould 1s reached.

It shows the pump speed PV dropping until time T1. It
shows the pump speed PV as relatively low between the first
time T1 and the second time T2. It shows the pump speed PV
increasing aiter time T2 when the feed pressure P begins to
increase, before subsequently dropping to a relatively low
level at the third time T3. It shows the pump speed PV as
relatively low between the third time T3 and the fourth time
T4. It shows the pump speed PV increasing after time T4
when the feed pressure P begins to increase, before subse-
quently decreasing again to any suitable level when the feed
pressure P stabilises.

According to an example the curve of the pump speed PV
tollows relatively well the shape of a curve for the first-order
time dertvative P' of the feed pressure P. This means that a
main principle of the invention 1s that the faster the feed
pressure P rises the higher the pump speed PV becomes.
Similarly, the pump speed PV 1s reduced on the basis of how
quickly the feed pressure drops. When the feed pressure P 1s
dropping, the pump speed PV 1s relatively low.

The pump speed may be controlled 1n any suitable way on
the basis of the first-order derivative of the feed pressure P.
Theresultis adaptive control of the speed of the pump 1n order
in an effective way to make 1t possible to build up the SCR
system’s feed pressure to a desirable level when there 1s air at
the pump 230, according to an aspect of the mnvention.

A positive effect 1s that the mnovative method makes it
possible to shorten a period of time between two peaks of the
teed pressure, e.g. the period T1-13. The result 1s that the
desirable working pressure Pshould can be built up more
quickly than in the state of the art when there 1s air at the pump
230.

FIG. 5 1s adiagram of a version of a device 500. The control
units 200 and 210 described with reference to FIG. 2 may in
a version comprise the device 500. The device 500 comprises
a non-volatile memory 520, a data processing unit 510 and a
read/write memory 550. The non-volatile memory 520 has a
first memory element 530 1n which a computer programme,
¢.g. an operating system, 1s stored for controlling the function
ol the devices 200 and/or 210. The device 500 further com-
prises a bus controller, a sertal communication port, I/O
means, an A/D converter, a time and date input and transier
unit, an event counter and an interruption controller (not
depicted). The non-volatile memory 520 has also a second
memory element 540.
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A proposed computer programme P comprises routines for
the purpose, where reducing agent 1s supplied to a feed device
via which reducing agent 1s supplied to at least one consump-
tion point from a container of an SCR system, of continuously
controlling the operation of the pump on the basis of changes
in a continuously detected feed pressure of reducing agent
downstream of the pump 230 1n the SCR system, with the
object of reducing the impact of unwanted air supply at the
feed device.

The programme P comprises routines for continuously
controlling a speed of the pump on the basis of values for time
derivatives of a continuously detected feed pressure of reduc-
ing agent downstream of the pump 230 in the SCR system,
with the object of reducing the impact of unwanted air supply
at the feed device.

The programme P comprises routines for altering the
operation of the feed device 1n correlation with the changes 1n
said feed pressure, 1n accordance with the innovative method.

The programme P comprises routines for controlling the
operation of said feed device, e.g. by influencing a prevailing
pump speed, with respect to a predetermined level of the feed
pressure which the feed device 1s mntended to furnish.

The programme P comprises routines for determining
presence of air supplied upstream to the feed device and,
when such presence 1s found, for controlling the operation of
the feed device on the basis of changes in the continuously
detected feed pressure of the reducing agent downstream of
the SCR system’s pump 230.

The programme P may be stored in an executable form or
in a compressed form 1n a memory 560 and/or 1n a read/write
memory 550.

Where the data processing unit 310 1s described as per-
forming a certain function, it means that the data processing
unit 510 effects a certain part of the programme stored in the
memory 560, or a certain part of the programme stored 1n the
read/write memory 550.

The data processing device 510 can communicate with a
data port 599 via a data bus 515. The non-volatile memory
520 1s intended for communication with the data processing
umt 310 via a data bus 512. The separate memory 560 1s
intended to communicate with the data processing unit 510
via a data bus 511. The read/write memory 550 1s adapted to
communicating with the data processing unit 510 via a data
bus 514. The data port 599 may for example have the links
290, 292 and 293 connected to 1t (see FIG. 2).

When data are recerved on the data port 399, they are stored
temporarily 1n the second memory element 540. When input
data have been temporarily stored, the data processing unit
510 1s prepared to effect code execution as described above.
According to a version, signals recerved on the data port 599
contain 1nformation about actually prevailing operating
power of the pump 230. According to a version, signals
received on the data port 599 contain information about a feed
pressure of the reductant. Said feed pressure 1s a prevailing
feed pressure downstream of the pump 230. The signals
received on the data port 599 may be used by the device 500
to determine presence of air supplied to the pump 230 and,
when such presence 1s found, to control the operation of the
feed device on the basis of changes 1n said feed pressure, with
the object of reducing the impact of unwanted air supply at the
feed device.

Parts of the methods herein described may be etffected by
the device 500 by means of the data processing unit 510
which runs the programme stored in the memory 560 or the
read/write memory 550. When the device 500 runs the pro-
gramme, methods herein described are executed.
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The foregoing description of the preferred embodiments of
the present invention 1s provided for illustrative and descrip-
tive purposes. It 1s not intended to be exhaustive or to restrict
the invention to the vanants described. Many modifications
and vanations will obviously be apparent to one skilled in the
art. The embodiments have been chosen and described 1n
order best to explain the principles of the invention and 1ts
practical applications and hence make 1t possible for special-
1sts to understand the imvention for various embodiments and
with the various modifications appropriate to the intended
use.

The mvention claimed 1s:

1. A method pertaining to an SCR system for an engine, the
method comprising:

supplying reducing agent in liquid form from a container to
a pump and then supplying said reducing agent by the
pump to at least one consumption point i the SCR
system;

continuously detecting the feed pressure furnished by the
pump and reporting the feed pressure to an automated
controller:;

determining automatically a presence of air upstream of
the pump based on the feed pressure reported;

continuously detecting an increase or decrease in the feed
pressure when the presence of the air upstream of the
pump 1s determined; and

controlling the pump automatically, by the automated con-
troller, when the presence of the air 1s determined, such
that a pump speed 1s increased according to the increase
in the feed pressure, and the pump speed 1s decreased
according to the decrease 1n the feed pressure.

2. A method according to claim 1, further comprising alter-
ing the operation of the pump correlated with the changes 1n
the feed pressure.

3. A method according to claim 1, further comprising con-
trolling the operation of the pump with respect to a predeter-
mined level of the feed pressure which the pump 1s intended
to Turnish.

4. A method according to claim 1, further comprising con-
trolling the operation of the pump based on a time derivative
of the detected feed pressure.

5. A method according to claim 1, further comprising the
step of:

determining said presence of air based on a detected oper-
ating power of a motor which 1s configured to powering
the pump and/or based on a determined time during
which deviant operation of the pump takes place.

6. A method according to claim 1, wherein the pump 1s a

diaphragm pump.

7. A method according to claim 1, wherein the at least one
consumption point 1s a dosing valve.

8. An SCR dosing system comprising a pump, and the
system being configured for supplying reducing agent in lig-
uid form from a container to the pump, the system compris-
ng:

the pump;

at least one consumption point which 1s supplied with
reducing agent from the pump;

a pressure detector comprising a sensor configured for
continuously detecting feed pressure furnished by the
pump; and

a microcontroller including an automated data processor
including control logic configured:
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to continuously detect the feed pressure turnished by the
pump,
to determine automatically a presence of air upstream of
the pump based on the detected feed pressure;
to continuously detect an increase or decrease 1n the feed
pressure when the presence of the air upstream of the
pump 1s determined; and
to control the pump automatically, when the presence of
the air 1s determined, such that a PUMP speed 1is
increased according to the increase in the feed pres-
sure, and the pump speed 1s decreased according to
the decrease 1n the feed pressure.
9. An SCR system according to claim 8, further comprising,
a motor for altering the operation of the pump correlated with

the changes 1n the feed pressure.

10. An SCR system according to claim 8, wherein a pump
speed of the pump 1s selected for controlling the operation of
the pump.

11. An SCR system according to claim 8, wherein the
operation of said pump 1s controllable with respect to a pre-
determined level of the feed pressure which the pump 1is
intended to furnish.

12. AN SCR system according to claim 8, wherein the
operation of the pump is controllable based on a time deriva-
tive of the detected feed pressure.

13. An SCR system according to claim 8, wherein the
presence of air 1s determined based on detected operating
power of a power source which 1s configured to power the
pump and/or based on a determined time during which devi-
ant operation of the pump takes place.

14. An SCR system according to claim 8, wherein the pump
comprises a diaphragm pump.

15. An SCR system according to claim 8, wherein the at
least one consumption point 1s a dosing valve.

16. A motor vehicle comprising

an engine; and

an SCR system according to claim 8.

17. A motor vehicle according to claim 16, comprising a
truck, bus or passenger car.

18. An SCR system according to claim 8, wherein the
microcontroller 1s configured to determine a first order time
derivative P' of the feed pressure,

wherein the controlling automatically of the operation of

the pump 1s performed such that the change 1n pump
speed 1s set according to the P'.

19. An SCR system according to claim 8, wherein the
microcontroller 1s configured to determine a second order
time dermvative P" of the feed pressure,

wherein the controlling automatically of the operation of

the pump 1s performed such that the change in pump
speed 1s set according to the P".

20. A method according to claim 1, wherein the automated
controller 1s configured to determine a first order time deriva-
tive P' of the feed pressure,

wherein the controlling automatically of the operation of

the pump 1s performed such that the change 1n pump
speed 1s set according to the P'.

21. A method according to claim 1, wherein the automated
controller 1s configured to determine a second order time
derivative P" of the feed pressure,

wherein the controlling automatically of the operation of

the pump 1s performed such that the change in pump
speed 1s set according to the P".
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